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OBJECTIVE: Impaired fasting glucose (IFG), a pre-stage to type 2 diabetes in adults, is also present in obese children. A large 
variation of the occurrence has been recorded, but the true prevalence is unknown due to lack of larger representative cohort 
studies. This study was implemented to investigate the prevalence of IFG in two nationwide cohorts of obese children and to find 
factors that affect the risk of IFG. 

DESIGN: A cross-sectional study based on data collected from two nationwide registers of obese children in Germany and Sweden, 
respectively. 

SUBJECTS: Subjects included were 2-18 years old. 32 907 subjects with fasting glucose were eligible in Germany and 2726 in 
Sweden. Two cutoff limits for IFG were used: 5.6-6.9 mmol I ~ 1 according to the American Diabetes Association (ADA) and 
6.1 -6.9 mmol I ~ According to the World Health Organization (WHO). Variables collected were gender, age and degree of obesity. 
Logistic regression was used to calculate odds ratios. 

RESULTS: The total prevalence of IFG among obese children in the German cohort according to the ADA was 5.7% and according 
to the WHO it was 1.1%. In Sweden, the corresponding prevalence was 17.1% and 3.9%, respectively. IFG risk was correlated with 
increasing age, male sex and degree of obesity. 

CONCLUSIONS: IFG is highly prevalent among obese children. Age and degree of obesity are positively correlated with the risk of 
having IFG. There are large regional differences. After adjustments, obese children in Sweden, due to unknown reasons, have a 
3.4- to 3.7-fold higher risk of having IFG than obese children in Germany. 
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INTRODUCTION 

Obesity in childhood and adolescence has become a massive 
health problem in many countries, including both developed and 
less-developed countries. High body mass index (BMI) in child- 
hood is associated with an increased risk of cardiovascular heart 
disease events in adulthood. 1 Severe obesity in young adulthood 
results in 13-years loss of expected life. 2 An early metabolic 
consequence of obesity is disturbed glucose and insulin 
homeostasis. 3 One of these consequences is impaired fasting 
glucose (IFG), which was introduced in the late 1990s by the 
American Diabetes Association (ADA) and World Health 
Organization (WHO) as a pre-diabetic stage referring to the 
fasting levels of plasma glucose concentration above the upper 
normal range, but below those that are diagnostic for diabetes. 
The glucose range for IFG differs between organizations: the ADA 
glucose range is 5.6-6.9 mmol I ~ \ whereas WHO has stricter 
criteria, 6.1 -6.9 mmol I -1 . 4 ' 5 Both criteria are used and there is no 
consensus on IFG, especially not in children and adolescents. 

In adult individuals, IFG is a predictor of type 2 diabetes. 6-8 
Further, in adults IFG is associated with fatal and non-fatal 
cardiovascular disease, 9 increased risk for cancers 10 and all-cause 



mortality. 11 IFG in obese children is associated with increased 
intima-media thickness, 12 a predictive factor for atherosclerosis. 
The mechanism behind IFG is still not fully understood, but IFG 
seems to be a result of impaired insulin secretion, indicating 
beta-cell dysfunction and also increased hepatic glucose 
output. 13 

A large variation of IFG prevalence has been reported in obese 
adolescents. European studies are reporting prevalences from 0% 
in Italy 14 (WHO criteria) to 16% in the Netherlands (ADA 
criteria), 15,16 and American studies range between 2 and 9% 
(WHO criteria) and 15-47% (ADA criteria). 17 " 19 However, most 
reports have been based on samples too small to be 
representative for entire populations, and it is, therefore, unclear 
whether the marked variations in prevalence represent a true 
variation among obese children in different geographic 
areas. 1 4,1 9,20 In addition, IFG in younger children is rarely 
studied. Consequently, this study was implemented to estimate 
the prevalence of the pre-diabetic state IFG and factors 
influencing the risk for IFG among both children and 
adolescents suffering from obesity in Germany and Sweden, 
using nationwide register data in the two countries. 
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SUBJECTS AND METHODS 

Subjects 

This study is based on two cohorts: one from Germany and one from 
Sweden. All data were achieved prospectively. Both cohorts represent 
subjects from both urban and rural areas, and in both countries everybody, 
independently of socioeconomic status, can apply for healthcare. 

On the basis of the German guidelines for diagnosis and treatment of 
overweight children and adolescents (www.a-g-a.de), a standardized 
computer software package using the visual FoxPro 9.0 compiler was 
developed for standardized multicenter prospective documentation of 
overweight children and adolescents (APV) in 1999. 21 Participation in this 
quality control program is the precondition for certification of pediatric 
obesity treatment centers by the German Obesity Society (DAG) and for 
funding of the treatment by health insurances allowing integration of the 
great majority of German Obesity treatment centers for children and 
adolescents. Anthropometric parameters, metabolic control and treatment 
modalities (multiprofessional composition and intensity of lifestyle 
interventions) are documented longitudinally by the software. 
The software allows standardized patient reports, local aggregation of 
data and patient selection according to the multiple criteria. Anonymized 
data are transmitted for central analysis. Inconsistent data are reported 
back to the centers twice a year for correction. Owing to non-industrial 
grants, this quality assessment is free of charge. This system allows 
establishing a large data collection; more than 90% of all centers 
specialized in pediatric obesity care in Germany participated in this 
study {n = 178) between January 2001 and December 2009. 

The Swedish material is from a nationwide childhood obesity treatment 
registry (BORIS-registry, www.e-boris.se) where 20 of 24 (83.3%) pediatric 
clinics that treat obesity are enrolled. The BORIS-registry is recommended 
for use by The National Board of Health and Welfare, and The Swedish 
Association of Local Authorities and Regions. Data have been collected 
from all over the country between the years of 1995 and 2010. Patients 
included in the registry are children and adolescents up to 25 years of age 
undergoing treatment for their overweight or obesity. The quality of the 
registry is secured by frequent randomized sampling of the collected data. 

Inclusion criteria for this study were children and adolescents between 2 
and 1 8 years of age, obese according to the International Obesity Taskforce 
(IOTF) criteria 22 with an eligible fasting glucose measurement. Only the first 
measurement of fasting glucose, which, generally, is at the beginning of 
the treatment, was used to reduce the possible effect of treatment on IFG 
prevalence. Exclusion criteria for both data sets were diabetes (diagnosed 
with oral glucose tolerance test or fasting plasma glucose ^7.0mmoll _1 ), 
syndromal obesity (Laurence-Moon-Bardet-Biedl syndrome and Prader- 
Willi syndrome), secondary obesity (central nervous system damage, leptin 
deficiency, myelomeningocele, mutation in the MC4-receptor, leptin- 
receptor, POMC and hypothalamic disturbances), and patients with Down 
Syndrome, endocrine disorders (except for well-controlled hypothyroid- 
ism), and patients who at the time of blood sampling were on drugs that 
could affect the glucose homeostasis, including metformin. 

At the time of the extraction of data for this study, 65 688 (46% boys and 
54% girls) patients in the German cohort and 5305 (51.9% boys and 48.1% 
girls) patients in the Swedish cohort were available. A total of 32 907 
(47.7% boys and 52.3% girls) German and 2726 (52.4% boys and 47.6% 
girls) Swedish patients fulfilled the inclusion criteria. The number of 
subjects by reason for exclusion is summarized in Figure 1. No differences 
in age or degree of obesity between groups with and without fasting 
glucose measurement could be seen in the Swedish material. In the 
German cohort those with glucose measurements were slightly older and 
more obese. However, the minor differences in this large cohort are 
probably not of clinical relevance (Supplementary Table 1). In the German 
cohort, ~0.04% 0 of the German population were included, and in the 
Swedish cohort, 0.03%o of the Swedish population were included. The 
prevalence of childhood obesity is approximately the same in Sweden and 
Germany 23 Thus, the same proportion of obese subjects is recruited for 
both registers. 

Definitions, measures and methods used 

We investigated the prevalence of IFG using both definitions from the ADA 
and WHO. 4,5 All children have undergone anthropometric measurements 
by staff at pediatric clinics. BMI was calculated as the weight in kilograms 
divided by the height in meter squared (kg/m 2 ). The international age- and 
gender-specific BMI cutoff points defined by the IOTF were used to define 
childhood obesity. As BMI is age and gender dependent, BMI standard 
deviation scores (BMI SDS), adjusted for age and gender, were used to 
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Figure 1. The exclusion process for the German and the Swedish 
databases. 



compare the degree of obesity within the populations studied. Two 
different models of BMI SDS were used, based on German and Swedish 
populations, respectively. 24,25 The German model is denoted as BMI SDS 
(Ger) and the Swedish model as BMI SDS (Swe). Blood samples were 
obtained after an overnight fast for the measurement of plasma glucose. 
Earlier, whole blood-glucose measurements in the Swedish material 
(18.9%) were adjusted to be comparable to plasma glucose in 
accordance with international standards. 26 This was not needed for the 
German blood samples, as all measurements were calibrated as plasma 
glucose. 

The methodology to analyze fasting glucose in Germany is regulated by 
'RILIBAK' and in Sweden by 'EQUALIS'. Both of these policy frameworks 
recommend venous plasma glucose. 

Variables used in this study were gender, age and the German and 
Swedish models of BMI SDS. Age was divided into the following categories: 
2-9, 10-12.9, 13-15.9 and 16-18 years. The degree of obesity was 
arbitrarily divided into six groups for both BMI SDS models. The number of 
patients in each group is shown in Table 1. To perform country-to-country 
specific adjustment, the following variables were used: age, degree of 
obesity and gender. Data from the two cohorts were pooled (n = 35 633). 
In addition, there were also registry-specific variables. Both Germany and 
Sweden are divided into regions, Germany into the following: north or 
south, and west (old) or east (new) parts of Germany. Sweden was divided 
into six regions corresponding to county regions. Germany also has data 
on migration background defined as one or both parents being born 
outside of Germany, and data on socioeconomic risk (unemployed parents, 
broken home and low education). 

To study a possible effect of treatment center on quality of glucose 
measurement, university institutions in Germany and Sweden were 
compared with pediatric clinics. 

Ethical permission for data collection within the BORIS-cohort is 
obtained. The Regional Committee of Ethics, Stockholm, approves studies 
within the BORIS-cohort. For studies within the APV, the ethics committee 
of University of Ulm approved central analysis. Each German participating 
center complies with its local ethical and data management guidelines. 



Statistical analysis 

Data were processed and analyzed using the statistical programs SAS, 
version 9.3, and STATISTICS version 10.0 (Stat Soft, Inc., Tulsa, OK, USA). 

Data were presented using mean and standard deviation (s.d.). Linear 
regression was used for univariate analysis. Logistic regression was used to 
discriminate IFG from non-IFG in multivariable modeling, including the 
following variables for a country-specific analysis: gender, age categories 
and the two measures of BMI SDS. In the analysis of German data, regional 
and immigration categorization were used. In the analysis of Swedish data, 
regional categorization was used. The results are reported as odds ratio 
(OR) with the corresponding 95% confidence intervals (CI). 
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RESULTS 

The mean ages of the German and Swedish subjects included in 
this study were 12.5 (s.d. 2.9) and 1 1.4 (s.d. 3.4) years, respectively. 
The German register had a slightly larger proportion of girls than 
boys, whereas the opposite was found in the Swedish population. 
The Swedish population was slightly more obese. The character- 
istics of both populations are described in Table 2. 

The total prevalence of IFG among obese children in the 
German cohort according to the ADA criteria is 5.7%, and 
according to the WHO criteria it is 1.1%. In Sweden, the 
corresponding prevalence is 17.1% and 3.9%, respectively. Thus, 
Sweden had a threefold higher prevalence of IFG according to the 
ADA criteria and a 3.5-fold higher prevalence according to the 
WHO criteria among obese children and adolescents, compared 
with Germany. 

When data from both countries were pooled, boys had a higher 
risk for IFG (ADA) than girls. With the German BMI SDS, the OR is 1 .24 
(1.14-1.35) and with the Swedish BMI SDS 1.13 (1.03-1.22). Age is 
also positively correlated with increased risk for IFG. The highest 
risk for IFG (WH o) was shown to be in the age of 13-15.9 years 
compared with children under 9 years of age OR = 1.93 (1.37- 
2.72). The degree of obesity is also strongly correlated with the risk 
for IFG in all models. All results from pooled data analysis are 



Table 1. Frequency of subjects by age and BMI SDS 




Germany 


Sweden 




n (%) 


n (%) 


Age 






2-9 


4080 (12.4) 


705 (25.9) 


10-12.9 


13180 (40.0) 


802 (29.4) 


13-15.9 


12 225 (37.2) 


930 (34.1) 


16-18 


3422 (10.4) 


289 (10.6) 




100% 


100% 


BMI SDS (Ger) 






1.8-<2 


3702 (11.2) 


65 (2.4) 


2-<2.5 


12 766 (38.8) 


970 (35.6) 


2.5- < 3.0 


10666 (32.4) 


1025 (37.6) 


3.0- < 3.5 


4301 (13.1) 


477 (1 7.5) 


3.5- < 4.0 


1178 (3.6) 


151 (5.5) 


>4.0 


294 (0.9) 


38 (1.4) 




100% 


100% 


BMI SDS (Swe) 






2.3- < 2.5 


4710 (14.3) 


76 (2.8) 


2.5- < 3.0 


1 1 573 (35.2) 


779 (28.6) 


3.0- < 3.5 


9894 (30.1) 


941 (34.5) 


3.5- < 4.0 


4675 (14.2) 


584 (21.4) 


4.0- < 4.5 


1411 (4.3) 


238 (8.7) 


>4.5 


644 (2.0) 


108 (4.0) 




Table 2. Descriptive statistics, mean (s.d.) for patient characteristics 




Germany mean 


Sweden mean 




(s.d.) 


(s.d.) 


n 


32 907 


2726 


Girls/Boys (%) 


52.3/47.7 


47.6/52.4 


Age (years) 


12.5 (2.9) 


1 1 .4 (3.4) 


BMI (kgm" 2 ) 


30.8 (5.4) 


30.4 (3.4) 


BMI SDS (Ger) (kgrn -2 ) 


2.6 (0.5) 


2.7 (0.5) 


BMI SDS (Swe) (kgm -2 ) 


3.1 (0.6) 


3.3 (0.6) 


Fasting glucose (mmoll" 1 


) 4.6 (0.6) 


5.0 (0.5) 



shown in Table 3. Obese children and adolescents in Sweden have 
a 3.4-fold higher risk for IFG (ADA) compared with Germany. For the 
WHO classification, in Sweden the obese children have a 3.7-fold 
increased risk of developing IFG compared with obese children in 
Germany. 

The distribution of fasting glucose in Sweden and Germany is 
demonstrated in Figure 2. 

When the country cohorts are studied separately in multivariate 
analysis, boys had a statistically significant higher risk for IFG (ADA) 
than girls (Table 4). The risk for IFG increases significantly with age 
in the Swedish population according to all univariate (Table 5) and 
multivariate models. This is also significant in the German 
population according to the ADA classification. In all models, 
both univariate and multivariate, children aged 9-12.9 years have 
a higher risk for IFG compared with children under the age of 9. All 
odds ratios for IFG calculated in multivariate models for Germany 
and Sweden, respectively, are presented in Table 4. 

In the German registry-specific multivariate models adjusted for 
gender, age, BMI SDS (Swe) or BMI SDS (Ger), immigration data 
and regional data, it is shown that the Eastern states have a 
statistically significant higher risk for IFG than the Western states. 
For BMI SDS (Ger) the OR for IFG (WH o) is 1.56 (1.18-2.05). In the 
German cohort, there was no statistically significant difference in 
the risk for IFG between ethnic Germans and immigrants. Neither 
did socioeconomic risk affect the risk for IFG. These results are 
independent of BMI SDS model or definition of IFG used. 

In the registry-specific models for Sweden adjusted for gender, 
age, BMI SDS (Swe) and regional data, it is shown that when 
dividing Sweden into six regions the risk for IFG (ADA) was 
statistically increased in the western part compared with most 
other regions (Supplementary Table 2). 

Comparing glucose levels obtained at specialized university 
centers with glucose concentrations measured in other obesity 
clinics demonstrated no significant difference in either Germany 
or Sweden. 



Table 3. Results of Logistic Regression Analysis for IFG adjusted for 


gender, age, BMI SDS and Country 








OR ADA 


(95% CI) 


OR WHO 


(95% CI) 




IFG 




IFG 




OR for IFG, adjusted for gender, age group and BMI SDS (Ger) 




Age 2-<9 y 


1.00 


ref 


1.00 


ref 


Age 9-12.9 y 


1.67 


(1.44-1.94] 


1.71 


(1.23-2.37) 


Age 13-15.9 y 


1.59 


(1.37-1.84) 


1.72 


(1.24-2.39) 


Age 16-18 y 


1.32 


(1.09-1.60) 


1.16 


(0.75-1.81) 


BMI SDS 1.8-2 


0.64 


(0.54-0.76] 


0.66 


(0.46-0.96] 


BMI SDS 2-<2.5 


0.61 


(0.54-0.68) 


0.58 


(0.45-0.75) 


BMI SDS 2.5- < 3.0 


0.73 


(0.64-0.82) 


0.69 


(0.54-0.89) 


BMI SDS 3.0- < 4.0 


1.00 


ref 


1.00 


ref 


Boys vs Girls (ref) 


1.24 


(1.14-1.35) 


1.21 


(1.00-1.45) 


Sweden vs Germany 


3.43 


(3.06-3.84) 


3.70 


(2.95-4.65) 


OR for IFG, adjusted for gender, age group, and BMI SDS (Swe) 




Age 2-<9 y 


1.00 


ref 


1.00 


ref 


Age 9-12.9 y 


1.73 


(1.48-2.02) 


1.79 


(1.27-2.51) 


Age 13-15.9 y 


1.77 


(1.51-2.07) 


1.93 


(1.37-2.72) 


Age 16-18 y 


1.50 


(1.24-1.81) 


1.33 


(0.87-2.02) 


BMI SDS 2.3-2.5 


1.00 


ref 


1.00 


ref 


BMI SDS 2.5- < 3.0 


1.04 


(0.94-1.14) 


1.04 


(0.80-1.34) 


BMI SDS 3.0- < 3.5 


1.20 


(1.06-1.36) 


1.15 


(0.85-1.54) 


BMI SDS 3.5- < 4.0 


1.44 


(1.25-1.66) 


1.39 


(1.00-1.93) 


BMI SDS 4.0- < 4.5 


1.54 


(1.25-1.91) 


1.74 


(1.11-2.73) 


BMI SDS >4.5 


1.83 


(1.36-2.47) 


1.79 


(0.92-3.45) 


Boys vs Girls (ref) 


1.13 


(1.03-1.22) 


1.09 


(0.91-1.31) 


Sweden vs Germany 


3.40 


(3.04-3.81) 


3.66 


(2.92-4.60) 


Abbreviations: CI, confidence interval; OR, odds ratio; Y, years. n = 35 633. 


Results are presented 


using OR 


and 95% CI. 


Bold numbers indicate 


statistically significant differences. 
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It has previously been shown that the prevalence of IFG is higher 
among obese adolescents than non-obese adolescents. 17,19 
The present data further show that also an increased degree of 
obesity is associated with a higher risk for developing IFG in both 
children and adolescents. In addition, this study displays that the 
risk for IFG increases with age. 

Large differences in IFG prevalence have been reported in 
different populations of obese adolescents. 14,15,17-20 However, it is 
well established that IFG is an unstable condition, and hence 
normal fasting glucose measurements may be present between 
periods with IFG. 4,27 Therefore, either repeated measurements of 
fasting glucose or large cohorts are required to establish the 
prevalence of IFG, and it is possible that the sample size partly can 
explain the previously reported differences in IFG prevalence. 
Another possible confounder is the methodology of the glucose 
measurements. As fasting plasma glucose is shown to decrease 
from blood sampling to the time of analysis both in serum and 
plasma samples, 27, it is of importance that methodological 
differences of glucose measurements have been excluded. 

The results in the present study are based on large and 
nationwide registries in Germany and in Sweden with more than 
35 000 glucose measurements in obese children, which is 
sufficient to compensate for the variability in fasting glucose 
measurements. Important to emphasize is that these cohorts are 
not population based. However, both cohorts represent urban and 
rural areas. The number of individuals in each cohort is about the 
same proportion of the whole country population, and fasting 
glucose measurements were available in similar frequency. 
Further, in both countries, independently of socioeconomic status, 
all children can apply for healthcare. Taken together, this indicates 
that the cohorts are comparable. A quality problem in the 
measurement of glucose is unlikely. Glucose concentrations 
measured in specialized university centers did not differ 
from concentrations measured in other centers. However, 



Table 4. Results of Logistic Regression Analysis for IFG adjusted for gender, age and BMI SDS 






Sweden 






Germany 




ADA IFG 


(95% CI) 


WHO IFG 


(95% CI) 


ADA IFG 


(95% CI) 


WHO IFG 


(95% CI) 


OR for IFG, adjusted for gender, age group and BMI SDS (Ger) 












Age 2-<9 y 


1.00 


ref 


1.00 


ref 


1.00 


ref 


1.00 


ref 


Age 9-12.9 y 


2.05 


(1.53-2.75) 


2.16 


(1.10-4.23) 


1.57 


(1.32-1.86) 


1.51 


(1.04-2.18) 


Age 13-15.9 y 


2.08 


(1.53-2.81) 


3.69 


(1.92-7.09) 


1.47 


(1.24-1.74) 


1.33 


(0.92-1.92) 


Age 16-18 y 


1.72 


(1.17-2.54) 


3.01 


(1.36-6.66) 


1.15 


(0.93-1.42) 


0.74 


(0.45-1.23) 


BMI SDS 1.8-2 


1.00 


ref 


1.00 


ref 


1.00 


ref 


1.00 


ref 


BMI SDS 2-<2.5 


0.66 


(0.38-1.14) 


0.81 


(0.21-3.10) 


0.99 


(0.84-1.17) 


0.90 


(0.63-1.28) 


BMI SDS 2.5- < 3.0 


0.97 


(0.58-1.64) 


1.05 


(0.28-4.02) 


1.14 


(0.97-1.35) 


1.03 


(0.72-1.48) 


BMI SDS 3.0- < 3.5 


1.27 


(0.72-2.24) 


1.06 


(0.28-4.03) 


1.45 


(1.20-1.75) 


1.48 


(0.98-2.24) 


BMI SDS 3.5- < 4.0 


1.56 


(0.81-3.04) 


1.53 


(0.34-6.87) 


1.90 


(1.46-2.48) 


1.67 


(0.91-3.04) 


BMI SDS >4.0 


3.28 


(1.37-7.84) 


1.45 


(0.20-10.48) 


2.00 


(1.27-3.18) 


3.79 


(1.71-8.38) 


Boys vs Girls (ref) 


1.24 


(1.00-1.53) 


1.42 


(0.94-2.16) 


1.26 


(1.14-1.38) 


1.17 


(0.94-1.44) 


OR for IFG, adjusted for gender, age group, and BMI SDS (Swe) 












Age 2- < 9 y 


1.00 


ref 


1.00 


ref 


1.00 


ref 


1.00 


ref 


Age 9-12.9 y 


2.16 


(1.59-2.94) 


2.07 


(1.04-4.13) 


1.57 


(1.31-1.87) 


1.58 


(1.07-2.32) 


Age 13-15.9 y 


2.51 


(1.82-3.47) 


3.76 


(1.90-7.44) 


1.56 


(1.31-1.87) 


1.50 


(1.02-2.22) 


Age 16-18 y 


2.25 


(1.55-3.28) 


3.38 


(1.57-7.29) 


1.29 


(1.04-1.04) 


0.89 


(0.53-1.48) 


BMI SDS -2.5 


1.00 


ref 


1.00 


ref 


1.00 


ref 


1.00 


ref 


BMI SDS 2.5- < 3.0 


1.13 


(0.54-2.35) 


0.95 


(0.25-3.64) 


1.04 


(0.89-1.22) 


1.07 


(0.76-1.50) 


BMI SDS 3.0- < 3.5 


1.40 


(0.67-2.89) 


1.36 


(0.36-5.13) 


1.20 


(1.03-1.40) 


1.09 


(0.77-1.55) 


BMI SDS 3.5- < 4.0 


1.89 


(0.91-3.96) 


1.64 


(0.43-6.27) 


1.38 


(1.16-1.65) 


1.31 


(0.88-1.94) 


BMI SDS 4.0- < 4.5 


1.92 


(0.87-4.23) 


1.06 


(0.25-4.55) 


1.51 


(1.17-1.94) 


2.11 


(1.26-3.53) 


BMI SDS >4.5 


3.17 
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Abbreviations: CI, confidence interval; OR, odds ratio; Y, years. Results are presented using OR and 95% CI. Bold numbers indicate statistically significant differences. 



DISCUSSION 

This study shows that IFG is prevalent among adolescents and that 
there is a large difference in the prevalence of IFG among obese 
children and adolescents between Germany and Sweden. 
The total prevalence of IFG among obese children in Germany 
according to the ADA and WHO criteria was 5.7% and 1.1%, 
respectively. In Sweden, the corresponding prevalence was 17.1% 
and 3.9%, respectively. Although the prevalence increased with 
age, IFG was also relatively common among young obese children. 
In our cohorts, IFG was more common among boys than girls, 
which is consistent with some 15,18,19 but not all 20 previous studies. 
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Figure 2. Distribution of fasting glucose among obese children and 
adolescents in Germany and Sweden. 
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cross-calibration of glucose measurements between centers within 
and between countries has not been carried out. Even if adjusting all 
measurements in Sweden according to a possible methodological 
decrease in the value, 28 the IFG prevalence difference between 
Sweden and Germany remains statistically significant. In addition, 
the differences observed between areas within both countries are 
smaller than the differences between the countries, which also 
confirms that there is a true variation between the countries. 

Our study therefore confirms that there are surprising 
differences in IFG prevalence between country areas. Obese 
Swedish children and adolescents have a 3.4- to 3.7-fold higher 
risk to develop the pre-diabetic stage IFG than children in 
Germany. The cause for this large difference between two similar 
European countries is unknown. Fasting glucose was normally 
distributed in both cohorts. This points toward systematic 
contributing factors to the difference in IFG prevalence between 
Sweden and Germany. No such factors have been identified, but 
they might include differences in early dietary patterns, physical 
activity, levels of vitamin D 29 or genetics, 30 as well as viral 
infections linked to obesity and insulin resistance. 31 It has also 
been suggested that socio-environmental factors including the 
selection of food and drinks are correlated to type 2 diabetes. 32 
It is therefore possible that such factors also affect the risk to 
develop pre-diabetic stages. Interestingly, and also due to 
unknown reasons, the prevalence of type 1 diabetes is 2-3 times 
higher in Sweden as compared with Germany. 33 Environmental 
factors rather than ethnicity seem to explain the high prevalence 
of type 1 diabetes in Sweden 34 Thus, it is possible that the high 
prevalence of IFG in Sweden is caused by environmental factors, 
which, in addition to obesity, 35 increases the risk of type 1 
diabetes in Sweden. 

There are some limitations that can affect the results in this 
study. Only the first-taken fasting plasma glucose recording is 
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included in this study, as we wanted to minimize the possible 
effect of treatment being a confounder. This might have resulted 
in an underestimation of IFG prevalence among the older age 
groups with higher prevalence of previous blood glucose 
measurements, which, in turn, can explain why IFG prevalence 
was not the highest in the oldest age group. We have not been 
able to adjust for parental type 2 diabetes, which might increase 
the risk for childhood IFG 36 In addition, there were no reliable 
ethnicity data from Sweden. Further, the children in the Swedish 
cohort were slightly more obese. As the degree of obesity was 
associated with fasting glucose, this could partly explain the 
higher prevalence. However, the IFG risks based on multivariate 
logistic regression analyses were adjusted for the degree 
of obesity. 

Another issue is that all data is reported from a large number of 
clinical settings and not from dedicated research centers. 
Consequently, the accuracy in reported data might be affected 
as time is a critical factor in most clinical settings and, further, it is 
impossible to assure that all samples are obtained during fasting 
conditions. However, all data collection was of clinical importance, 
and it was in the interest of the child and the parents to obtain an 
accurate clinical picture. 

In conclusion, we have shown that IFG is prevalent in both 
Germany and Sweden among obese children and adolescents, 
and that there are marked differences between these countries for 
unknown reasons. IFG in adults is strongly correlated with 
increased risk for future morbidity. 9-11 It is plausible that IFG 
among obese adolescents is also a predictor for increased risk for 
comorbidities. 12 Our results therefore indicate that IFG is a 
prevalent threat of early development of obesity-related co- 
morbidities in young obese subjects. 
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